paleoclimate reconstructions which are likely biased towards the summer. However, the 1 representativeness of this single record and the spatial extent of its reconstructed winter 2 warming signal is unclear. Here, we present a new winter temperature record based on 3 paired stable oxygen (δ 18 O) and radiocarbon age data spanning the last two millennia 4 from the Oyogos Yar coast in northeast Siberia. The record confirms the long-term 5 winter warming signal as well as the unprecedented temperature rise in recent decades. 6 This confirmation demonstrates that winter warming over the last millennia is a 7 coherent feature in the northeastern Siberian Arctic, supporting the hypothesis of an 8 insolation-driven seasonal Holocene temperature evolution followed by a strong 9 warming likely related to anthropogenic forcing. 10
Introduction 15
Currently, the Arctic climate faces significant changes, expressed by a rapid warming 16 that is more pronounced than in other regions of the Earth (Serreze and Barry, 2011; 17 PAGES 2k Consortium, 2013). A sharp decrease in sea-ice area and thickness, 18 enhanced melting of glaciers and ice caps, as well as warming and thawing of 19 permafrost illustrate the vulnerability of the Arctic under recent conditions and in 20 particular for a predicted future warming (AMAP, 2011). Due to its importance for the 1 global climate system, the Arctic is a key region to study past and recent climate 2 variability and their environmental implications on different spatial, temporal and 3 seasonal scales. 4 The Russian Arctic is underrepresented in Arctic paleoclimate records (Kaufman et tree rings, which mainly record summer climate conditions. Hence, the reconstructions 9 are either restricted or biased to summer conditions (Liu et al., 2014) . But winter 10 conditions, as obtained from ice wedges, are essential for a comprehensive assessment 11 of past climate. 12 Ice wedges are widespread in permafrost regions and form by thermal contraction 13 cracking in winter and filling of cracks by snow-melt water in spring (Lachenbruch, 14 1962 ). Due to this seasonality of cracking and filling, the contribution of summer 15 precipitation can be excluded when analysing ice-wedge ice. Ice wedges can be studied 16 using stable water isotopes (Mackay, 1983; Vaikmäe, 1989) . As the meltwater in the 17 frost crack refreezes rapidly, the isotopic signature of each resultant ice vein is directly 18 related to atmospheric precipitation, i.e. snowfall in winter and spring, before snowmelt. To test whether the findings of Meyer et al. (2015) are also valid in a larger region and 11 to test them with independent data, we present a new oxygen-isotope record from ice 12 wedges at the Oyogos Yar coast in the northeast Siberian Arctic, about 570km east of 13 the central Lena River Delta (Figure 1 ) (Opel et al., 2011) . Our record is based on newly 14 available radiocarbon ages of organic matter enclosed in ice-wedge samples used to 15 generate a stacked record based on paired isotope and age information. 16 
17

Study region 18
Oyogos Yar is on the southern coast of the Dmitry Laptev Strait in the permafrost 19 lowlands of the northeast (Figure 1 
Material and Methods 15
Fieldwork 16
Sampling took place after surveying coastal bluffs (Opel et al., 2011) to identify suitable 17 Late Holocene ice wedges. We cut by chain saw complete horizontal profiles at depths 18 of 1 to 1.5 m below surface in high sampling resolution (2-3 cm) along the growth 19 direction of two ice wedges (Oy7-04 IW2 and Oy7-11 IW1). The samples were melted 20 on site and packed for further analysis. A complete horizontal profile of a third ice 1 wedge (Oy7-11 IW7) was cut in blocks that were transported frozen to the cold 2 laboratory for sub-sampling at low (4-6 cm) and high (1 cm) resolution. All three ice 3 wedges were sampled less than 1 km apart. Additionally, we sampled ice veins from 4 recently growing ice wedges (RIW) connected to the modern polygonal surface to 5 capture reference records of modern wedge ice. 6 
7
Stable water isotopes 8
To determine the stable-isotope composition, we used a Finnigan-MAT Delta S mass 9 spectrometer with an analytical precision of better than ±0.1‰ for δ 18 O and ±0.8‰ for 10 δD, respectively (Meyer et al., 2000) . The δ 18 O and δD values of wedge ice are 11 interpreted as proxies for local winter air temperatures (Meyer et al., 2015) . The d 12 excess (d=δD-8δ 18 O) (Dansgaard, 1964) indicates the evaporation conditions in the 13 moisture source region (Merlivat and Jouzel, 1979 (Stuiver and Polach, 5 1977 ) and were calibrated using the tool clam (Blaauw, 2010) with the IntCal13 dataset 6 (Reimer et al., 2013) . We report the highest posterior density region (hpd) with its 7 limits, its midpoint and probability (Table 1 ). All hpd ranges add up to 95%. One post-8 bomb age was determined using the tool CALIbomb 
Results 17
Ice-wedge stable-isotope data 18
We analyzed 485 samples from the three ice wedges; 107 samples from Oy7-04 IW2, 19 123 from Oy7-11 IW1, 210 from Oy7-11 IW7 (high-resolution profile) and 45 from 20 However, the isotopic increase during the last centuries in the Oyogos Yar stack (3.5‰ 1 increase between the mean δ 18 O before and after AD1800) is more pronounced than that 2 in the Lena River Delta record (2.4‰). Interestingly, both the preindustrial (before 3 AD1800) variability as well as this recent warming are amplified by a similar amount. 4
The ratio of preindustrial standard deviations is 1.6 (Oyogos Yar: 1.1‰; Lena River 5 Delta: 0.7‰), and the ratio of the recent warming amplitude is 1.5. 6
The ice wedges that form the Oyogos Yar stack were studied less than 1 km apart, while 7 the ice wedges that form Lena River Delta stack originate from a larger sampling area. 8 Therefore, the higher Oyogos Yar variability is unlikely to be an artefact of mixing 9 spatial and temporal variability but instead relates to a stronger climate variability in 10 this region. This might be explained by its more northeasterly location and 11 corresponding feedback effects, such as sea ice and polynya variability, that likely differ 12 from the central Lena River Delta. warming trends over the past six centuries. However, interpreting long-term climate 2 trends from tree-ring records is challenging (Cook et al., 1995) . The nearest ice-core 3 δ 18 O record to our study area, from Severnaya Zemlya (Opel et al., 2013) , has been 4 interpreted as a proxy for annual mean temperatures and does not show any long-term 5 trend over the past millennium. However, these tree-ring and ice-core records show a 6 cooling trend up to AD1850 due to the Late Holocene decreasing summer insolation. 7
This is expected since all these reconstructions are biased towards summer. The 8 pronounced warming they exhibit after AD1850 underlines the extent of the recent 9
Arctic amplification to global warming. 
